M agnetic resonance imaging may be normal for hours to a few days after spinal cord infarction (SCI). Diffusionweighted magnetic resonance imaging (MRI) has proven to be the most sensitive diagnostic tool in acute cerebral ischemia and has become a promising technique in the evaluation of acute spinal cord syndromes. 1, 2 We report our experience with the utilization of magnetic resonance (MR) line scan diffusion imaging (LSDI) for the evaluation of SCI.
Patients and Methods
Data on 19 patients with SCI and abnormal findings on LSDI were collected between February 2001 and April 2009. The data were independently reviewed by neurologists (R.G.N. and K.N.S.) to confirm accuracy of the diagnosis. Criteria for SCI diagnosis included an acute deficit; spinal cord imaging corresponding to spinal artery territory as described by Masson et al; and no other diagnosis after extensive work-up, including evaluation for autoimmune and hypercoagulable disorders, viral serologies and cerebrospinal fluid analysis, gadolinium-enhanced brain MRI, and evoked potentials (unless the etiology was clear based on the clinical scenario). 2 
Description of the Imaging Technique and Analysis
MR examinations were performed on a Signa 1.5T imaging system (GEMS). The LSDI technique has been previously described. 3, 4 Images were obtained on either the sagittal or axial plane using a phased-array spine coil (GEMS) with the following typical sequence parameters: TR (repetition time; effective), 3960 ms; line-to-line TR, 90 ms; TE (echo time), 76 ms; field of view, 320ϫ160 mm; rectangular acquisition matrix, 128 (frequency)ϫ128 (lines); spatial in-plane resolution, 2.5ϫ1.25 mm; section thickness, 3 mm; skip, 0 mm; b of 5 and 750 s/mm 2 , with the maximum b value applied in 3 orthogonal directions. The receiver bandwidth was Ϯ7.8 kHz. Total acquisition time without signal averaging (1NEX) was approximately 6 minutes, 33 seconds. In some cases, a smaller field of view was selected, and 3 or 4 averages were obtained to compensate for the lower signal-to-noise ratio at higher spatial resolution. LSDI postprocessing and image analysis were performed according to previous technical descriptions. 3 The Apparent Diffusion Coefficient (ADC) measurements for the normal spinal cord and for the areas of infarction were calculated from trace ADC maps by using the average value of 4 to 7 distinct regions of interest (area, 0.03-0.06 cm 2 ) positioned over the spinal cord, carefully avoiding the inclusion of cerebrospinal fluid. The ADC ratio was subsequently calculated based on the average ADC for the area of infarction and normal spinal cord.
Results
Relevant findings are summarized in Table. The mean patient age was 70Ϯ11 years. Fifty-three percent of the patients (10/19) were men. LDSI was obtained between 3 hours and 9 days from symptom onset. The clinical presentation included acute onset of bilateral motor-sensory deficits in all cases. Eighteen cases were thought to be related to occlusion of the anterior spinal artery and 1 case to occlusion of the posterior spinal artery. The etiology was postsurgical in 11 patients. One patient was thought to have fibrocartilaginous embolism syndrome. No definite etiology for the SCI was identified for 7 cases despite extensive evaluation as detailed above.
Three lesions were cervical (15.8%); 5 lesions were thoracic (26.3%); 4 lesions were thoracolumbar (21%); and 7 lesions were in the lumbar/conus region (36.8%). The average ADC was 1000.2 (Ϯ103)ϫ10 
Discussion
SCI is a relatively rare disease, accounting for only about 1.2% of all strokes; however, SCI still represents one of the most common causes of acute noncompressive myelopathies. 5 MRI evaluation is essential in the diagnosis of SCI. Abnormalities on T2-weighted sequences are seen in more than 90% of SCI cases. 6 However, these changes are not specific, and it is often difficult to distinguish SCI from other causes of acute noncompressive myelopathies based on MRI alone. Sagittal MR images of anterior spinal artery infarction usually demonstrate an isolated pencil-like area of T2-hyperintensity involving the centromedullary region, often encompassing more than 2 vertebral segments. 5, 6 In contrast, demyelinating lesions are usually smaller and tend to involve the lateral and posterior aspects of the cord. 5 Because of the higher vulnerability of the gray matter to ischemia, axial T2-sequences may show bilateral hyperintensities that are mostly confined to the anterior horn area, leading to the typical snake eyes or owl's eyes configuration. 6, 7 One of the major limitations of current MRI techniques is the failure to reveal any abnormalities during the early phases of SCI. 7 Diffusion-weighted imaging (DWI) has been established as the most sensitive modality for the diagnosis of acute cerebral ischemia and has the potential to become an important technique in the evaluation of spinal cord pathology. There are, however, several technical difficulties in obtaining adequate diffusionweighted (DW) images of the human spinal cord including: motion artifacts caused by physiological movement of the spinal cord and surrounding structures (eg, cerebrospinal fluid pulsatile flow, swallowing, respiration, and cardiac motion), susceptibility artifacts caused by the presence of bone and cerebrospinal fluid interfaces, and the low signal-to-noise ratio caused by the small pixel dimensions required for appropriate visualization of the spinal cord. While single-shot echo-planar diffusion imaging offers adequate resistance to motion artifacts, in the spine it is plagued by severe distortion artifacts. However, with alternative, albeit slower, diffusion imaging techniques, like navigated pulsed-gradient multishot spin-echo imaging, navigated segmented echo-planar diffusion imaging, or LSDI, adequate DWI of the spinal cord is feasible. 3,8 -10 Indeed, abnormal findings on DW images of the spinal cord have been shown in patients with tumors, radiation and spondylotic myelopathies, multiple sclerosis, epidermoid cyst, and myelitis. 3, 8, 10 In addition, DW imaging using single-shot fast spin echo and echo-planar techniques has been successfully employed to demonstrate acute and subacute SCI. 1, 8, [11] [12] [13] [14] However, to the best of our knowledge, the use of LSDI to diagnose acute SCI has been reported only in a single previous case. 9 Our results using LSDI concur with the previous published ADC values for the normal spinal cord and SCI. 3, 11, 12 A major limitation of our study was the inability to image patients during the hyperacute phase (first 3 hours after the ictus). Therefore, additional studies are needed to determine the sensitivity and specificity of LSDI for the detection of spinal cord ischemia in this setting. In addition, LSDI as a technique has some limitations. LSDI is not widely available and is relatively slow. This calls into question the signal-to-noise ratio advantage of LSDI over echo-planar imaging, specifically if signal-to-noise ratio is scan-time normalized.
In conclusion, DW imaging of the spinal cord is technically challenging, but is currently feasible. In our opinion, LSDI has several advantages over other DW imaging modalities and should be incorporated into the routine evaluation of acute noncompressive myelopathies. Woman age 55 years presenting with acute paraparesis. Work-up was remarkable for occlusion of the right T12 segmental artery on magnetic resonance angiography, which was subsequently confirmed by conventional angiography. White arrows demonstrate signal hyperintensity on sagittal T2 (2A) and DWI (2B) with hypointensity on ADC (2C). Axial T2 images (2D) demonstrate signal hyperintensity involving the anterior aspect of the cord in a snake-eye configuration (black arrow).
